INTRODUCTION
============

White matter changes known as leukoaraiosis are commonly referred to as a periventricular white matter disease, or white matter hyperintensities (WMH), due to their bright white appearance on T2-weighted MRI scans \[[@B1]\]. Cerebral white matter disease is frequently reported on brain imaging, predominantly in older patients \[[@B2]\]. Previously, it was regarded as an incidental finding with no therapeutic consequences. It is now becoming increasingly clear that WMH is associated with cognitive decline especially in attention, executive function, and process speed domains \[[@B2],[@B3]\]. In recent years, due to its apparent clinical relevance, there has been a growing interest in white matter changes, its pathology, epidemiology, risk factors, and treatment options. The pathogenesis of WMH is poorly understood. Hypoxic injury due to hypoperfusion caused by atherosclerosis has been proposed as an etiological factor \[[@B4]\]. This is similar to clinical ischemic stroke or lacunar infarction, especially in the infratentorial lesions \[[@B5]\].

Cognitive impairment in patients with infratentorial stroke is well documented \[[@B6],[@B7],[@B8]\]. However, mapping the brain lesion with functional loss of certain cognitive domain(s) is still a challenge. Furthermore, the location of the lesions in cerebellar stroke patients was found to have no relevance to cognitive function \[[@B6]\]. The pattern of pathophysiology and cognitive decline are similar in infratentorial stroke and WMH. The differential nature of decline in cognitive function between the infratentorial stroke and a supratentorial WMH remains unclear. WMH may be a suitable model to determine the pathophysiology of cognitive decline in patients with infratentorial stroke.

The purpose of the present study was to determine whether cognitive function is associated with WMH in patients with infratentorial stroke. Therefore, we investigated cognitive function in the patients with infratentorial stroke with and without concomitant WMH.

MATERIALS AND METHODS
=====================

Participants
------------

This was a retrospective, cross-sectional study with medical chart review. The data were collected from medical records of patients who were admitted to our hospital for infratentorial infarction or hemorrhage. The inclusion criteria for the study were 1) first-ever infratentorial stroke (infarction or hemorrhage), 2) confirmation by CT or MRI, and 3) patients\' age between 18 and 60 years. The exclusion criteria were 1) progressive or unstable stroke, 2) pre-existing and active major neurological disease, 3) pre-existing and active major psychiatric disease (such as major depression, schizophrenia, bipolar disease, or dementia), 4) delirium after stroke, and 5) definite hydrocephalus history due to stroke. Delirium after stroke was defined as the Korean Mini-Mental Status Examination (K-MMSE) score \<23 \[[@B9]\]. The study protocol was approved by our center\'s Institutional Review Board (No. 2012-09-034).

Demographic data, a detailed history of premorbid risk factors, and clinical variables that might influence the cognitive function were collected from medical records. Demographic data of stroke patients included age, gender, and years of education. Premorbid stroke risk factors included hypertension, diabetes, and smoking history.

Neuropsychological evaluation
-----------------------------

General cognitive function was measured using the KMMSE \[[@B10]\], Rey-Osterrieth Complex Figure Test (ROCFT) \[[@B11]\], and a Seoul Computerized Neuropsychological Test Battery (SCNT) \[[@B12]\], at 1 month after the stoke onset. SCNT consisted of auditory and visual continuous performance test (CPT) for evaluation of attention, digit span test and verbal learning test for evaluation of language memory, visual span test and visual learning test for evaluation of visuospatial memory, trail making test for evaluation of executive function, and word-color test for evaluation of high cognitive function \[[@B12]\].

WMH measurement
---------------

Each MRI study included fluid-attenuated inversion recovery (FLAIR) images at the acute stroke phase. Visual ratings of WMH were performed by an investigator who was blinded to the clinical details. We applied the simple modified Fazekas rating scale \[[@B13]\] and the more complex Scheltens rating scale \[[@B14]\], except in infratentorial regions which were evaluated by the visual WMH assessment on FLAIR images. The modified Fazekas scale ranges from mild to severe. Mild WMH (grade 1) was defined by punctate lesions in the deep white matter with a maximum diameter of 9 mm for a single lesion and of 20 mm for grouped lesions. Moderate WMH (grade 2) were early confluent lesions of 10-20 mm single lesions and \>20 mm grouped lesions in any diameter, and no more than connecting bridges between the individual lesions. Severe WMH (grade 3) were single lesions or confluent areas of hyperintensity of ≥20 mm in any diameter ([Fig. 1](#F1){ref-type="fig"}). The Scheltens scale is a visual rating scale that includes anchored 7-point severity ratings in periventricular, cortical, subcortical, and infratentorial regions \[[@B14]\]. The WMH severity measure for the current study was the sum of ratings for the 3 regions, except for infratentorial region.

Statistical analysis
--------------------

Statistical analysis was performed with SPSS ver. 20.0 for Windows (SPSS Inc., Chicago, IL, USA). The Kolmogorov-Smirnov test was used to assess whether the parametric values were normally distributed. All parametric data were shown to be normally distributed. We compared the values between the two groups (WMH group and no-WMH group) according to the presence of WMH. The WMH group was compared with the reference group by using Student t-test or chi-square test where appropriate. The p-values of less than 0.05 were considered as statistically significant.

RESULTS
=======

General characteristics and brain images between each group
-----------------------------------------------------------

A total of 24 patients were enrolled in this study, and 12 patients were assigned to each group of WMH and no-WMH. There was no significant difference in age, sex, stroke type, or education level between the groups. Also, there was no significant difference in the medical history of hypertension, diabetes, and smoking status between the groups ([Table 1](#T1){ref-type="table"}).

Six patients had mild WMH and 6 patients had moderate WMH, according to modified Fazekas scale. The score of Scheltens scale in the WMH group was 9.0±5.9 ([Table 2](#T2){ref-type="table"}).

Cognitive function between each group
-------------------------------------

The mean duration of time from the onset of stroke until the cognitive evaluation was 29.5±10.9 days and 27.4±10.3 days, with no significant difference between the WMH and no-WMH groups, respectively ([Table 3](#T3){ref-type="table"}).

K-MMSE scores were 26.8±2.4 and 29.1±1.2 in the WMH and the no-WMH group, respectively. K-MMSE in the WMH group was significant lower compared to the no-WMH group (p\<0.05). However, there was no significant difference in ROCFT between the groups ([Table 3](#T3){ref-type="table"}).

For visual CPT in the SCNT, the response time in the no-WMH group tended to be shorter compared to the WMH group, but the difference was not statistically significant. For auditory CPT in the SCNT, the response time was significantly longer in the WMH group compared to the no-WMH group (p\<0.05). The correct response in auditory CPT tended to be lower in the WMH group, but it was not statistically different from the no-WMH group. In the memory domain, the verbal learning test score was significantly lower in the WMH group than in the no-WMH group (p\<0.05). There was no significant difference in digital span test and visual span test between the groups. Executive function assessed by the trail making test B in the WMH group tended to be lower compared to the no-WMH group, but the difference was not statistically significant ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

This study revealed that cognitive function in the infratentorial stroke patients with WMH was significantly lower compared to with no-WMH. General cognitive function measured by K-MMSE was significantly lower in the infratentorial stroke patients with WMH, compared to no-WMH. Sustained and selective attention assessed by auditory CPT and verbal learning was also lower in the infratentorial stroke patients with WMH. These results suggest that WMH should be considered in the pathophysiology of the cognitive dysfunction, in the infratentorial stroke patients. Therefore, the management for cognitive dysfunction with WMH can be applied for infratentorial stroke patients in the cognitive rehabilitation \[[@B4]\].

The cognitive performance of patients with variously defined white matter changes has been reported in healthy elderly subjects \[[@B15],[@B16]\], in patients with mild cognitive impairment \[[@B17],[@B18]\], and in Alzheimer disease \[[@B19],[@B20]\]. The pattern of cognitive deficits in patients with subcortical ischemic lesion is distinctive from that of Alzheimer disease, which resembles Parkinson disease with disproportionate impairment in executive functioning. Severity of white matter changes and diabetes were independent predictors of cognitive decline in an initially nondisabled elderly population \[[@B2]\]. Hypertension, smoking status, diabetes, hyperhomocysteinemia, and heart disease were reported to be the risk factors for white matter changes \[[@B21]\]. Cerebral white matter changes are frequently seen on CT and MR scans of elderly individuals \[[@B21]\]. While the association between WMH and aging has been a consistent finding in various studies, heterogeneous conclusions have been reached with other risk factors \[[@B22]\]. Many discrepancies exist among the results of studies that evaluated the clinical correlates of white matter changes. In this study, the inclusion criterion of age was between 18 and 60 years. Therefore, white matter changes were correlated more with ischemia, rather than with the age of patients in this study \[[@B21]\]. Multiple small vessel infarcts in the subcortical white matter, which are often the result of chronic hypertension, can lead to lipohyalinosis of the small vessels. This process underlies the pathophysiology of white matter changes \[[@B4]\] and is very similar to that of infratentorial stroke \[[@B23]\].

Previous studies have reported the cognitive dysfunction in infratentorial stroke, especially in cerebellar stroke \[[@B6],[@B7],[@B8],[@B24]\]. One report on acquired pediatric hemorrhagic cerebellar lesions showed that neuropsychological impairments were present in all patients \[[@B24]\]. However, in that study, the neuropsychological impairments were mild in the majority of the subjects and were extremely heterogeneous. Also, Alexander et al. \[[@B6]\] reported that damage to some cerebellar sites might have specific cognitive consequences, but the cognitive impairment after focal cerebellar injury in adults was mild or transient. These previous reports suggested that the infratentorial stroke, especially cerebellar lesion might cause mild cognitive dysfunction. However, the definite lesion and pathophysiology that leads to cognitive dysfunction in patients with the infratentorial stroke remain unclarified.

Our results indicated that impairment of cognitive function in patients with infratentorial stroke seemed to be associated with subcortical white matter changes. In order to characterize the cognitive deficits associated with WMH, infratentorial stroke patients were investigated using a detailed neuropsychological battery. The patients with WMH had significantly lower scores in response time of auditory CPT and verbal learning test, in contrast to the no-WMH group. The performance on neuropsychological test of patients with WMH group was clearly inferior to the no-WMH group, throughout the cognitive function domain. However, these differences were mostly not statistically significant, possibly due to the small sample size. Therefore, the small sample size might be a limitation in this study. We could not describe the results of a comparison analysis between the severity of WMH and the cognitive function, according to the modified Fazekas scale, because of the small sample size. However, our data did reveal subtle differences between the groups, but without the statistical significance.

In conclusion, our study emphasized the impact of white matter changes on attention, memory, and general cognitive function in infratentorial stroke patients. Further investigation and prospective studies are required to determine whether the location of white matter changes increases the risk of cognitive decline and disability in the larger population. Clearly, white matter changes in infratentorial stroke patients should be carefully evaluated in the rehabilitation setting.
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Values are presented as number of patients or mean±standard deviation.

WMH, white matter hyperintensities.
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Values are presented as number of patients or mean±standard deviation.

MRI, magnetic resonance imaging; WMH, white matter hyperintensities.
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Values are presented as mean±standard deviation.

WMH, white matter hyperintensities; K-MMSE, Korean Mini-Mental Status Examination; ROCFT, Rey-Osterrieth Complex Figure Test; SCNT, the Seoul Computerized Neuropsychological Test Battery; CPT, continuous performance test.

^\*^p\<0.05, between each group.
